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Summary 
A procedure for the purification of a tospovirus which causes bud necrosis 
disease (BND) of peanut in India is described. The virus contained thrce 
polypeptides of 78 kDa, 54 kDa and 31 kDa. In two ELISA procedures the vlrus 
failed to react with antisera to tomato spotted wilt virus (TSWV) obtained from 
different sources and with an antiserumto impatiens necrotic spot virus (INSV). 
Additionally, in reciprocal tests TSWV and INSV antigens failed to react with 
antiserum to the virus infecting peanut in India. 
In electro-blot immunoassay 54 kDa and 31 kDa polypeptides of the virus 
reacted with the homologous antiserum. None of the bet-erologous antisera 
reacted with any of the three viral polypeptides. On the basis of serological 
differences the virus that causes BND in India is distinct and therefore has been 
named bud necrosis virus (BNV). This serotype appears to be restricted to Asia. 
Key words: Bud necrosis virus, tomato spotted wilt virus, impatiens nccrotic spot 
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Introduction 
The occurrence of bud necrosis disease (BND) on peanut (= groundnut, Arachis hypogaea 
L.) was first reported from India by Reddy, Reddy & Rao (1968). It was subsequently 
shown that BND was caused by a virus which resembled tomato spotted wilt virus (TSWV) 
(Ghanekar el al., 1979; Reddy ef  al., 1991). Since the early 1960s BND has been a major 
constraint to peanut production in several parts of India (Reddy el al., 1991). 
Infectivity of BND-infected leaf extracts is dependent upon several factors, the most 
important of which are the addition of suitable antioxidants to the inoculum and the age of 
the leaf tissues used. This has hampered earlier attempts to identify the causal virus on the 
basis of host range and reaction (Reddy, 1988). Also, antisera for TSWV from other 
countries did not react with the virus obtained from BND-infected plants (Anon., 1989; 
Sreenivasulu et al., 1991). It was therefore essential to produce antisera against the virus 
causing BND in India. 
Initially, several available methods were tried to prepare virus samples largely devoid of 
host material. Such preparations are required for production of good quality polyclonal 
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antisera and subsequent devclopmcnt of methods for virus detection and also determination 
of ser,ological relationships. We report in this paper on purification procedures and the 
serological relationships of the virus that causes BND of peanut in India 
Materials and Methods 
Virus isolate 
Extracts from virus-infected peanut samplcs, prcparcd in 0.05 hr potassium phosphate 
buffer, pH 7.2, containing 2 gllitre thioglyccrol wcrc inoculated onto cowpea (Vigttu 
unguiculata, cv. C 152). Virus obtained from a single lcsion was rcinoculated onto cowpea 
and after three successive single lesion transfers in cowpea was maintained in pcanut (cv. 
TMV-2) by sap inoculation. 
Virus purificarior~ 
Systemically infected young quadrifoliates of pcanut showing primary symptoms, frozen 
at -70°C, were used. Lcatlets were homogcnised (4 ml/g tissue) in chilled 0.1 M potassium 
phosphate buffer, pH 7.5, containing 0.01 M sodium sulphite (0.1 M PPBS). Thc extract 
was squeezed through two thickncsscs of chccsc-cloth and ccntrifugcd at 4000 g for 10 min. 
To the supernatant, sodium chloride and polycthylcneglycol (PEG, MW 8000, Fishcr 
Scientific Co.) were added at 11.7 g/litrc and 40 g/litrc respectively, and after dissolving, 
the mixture was held at 4°C. After 90 min to 2 h, the precipitate was collcctcd by centrifuging 
at 8000 g for 15 min and suspended in 0.01 M PPBS (0.3 ml/g initial tissue). Aftcr 
centrifugation at 4000 g for 15 min, the supernatant was layered onto 2 W X )  pjlitre 
preformed sucrose gradients (prepared by laycring 8 ml of each of 200 and 300 g i t r e ,  and 
12 ml of 600 g/litre sucrose in 0.01 M PPBS, and hcld overnight at 4°C). Gradients were 
centrifuged at 23 000 rpm for 45 min in a Beckman SW 28 rotor. A diffuse light-scattering 
zone, at 2.6 to 3.1 cm from the bottom, was collected. Pellets found in gradient tubers wcrc 
also suspended in 0.01 M PPBS at a rate of 2 ml for each pellet. Sucrose zones and 
resuspended pellets were mixed, stirred at 4°C for 1 h, layered onto 300-600 g/litre preformed 
linear sucrose gradients (prepared by layering 7 ml of each of 300, 400, 500 and 600 flitre 
sucrose in 0.01 M PPBS and leaving overnight at 4OC) and centrifuged at 23 000 rpm for 2 5 
h in the SW 28 rotor. A light-scattering zone between 2.5 to 3.1 cm from the bottom of the 
tube was removed, diluted in 0.01 M PPBS, and processed through another cycle of gradient 
centrifugation as described above. A single light-scattering zone between 2.7 to 3.0 cm from 
the bottom of the tube was collected, diluted in 0.01 M PPBS, and the virus was pelleted at 
35 000 rpm for 2 h in a Beckman R 50 rotor. 
For thc removal of proteins, presumed to be of host origin, virus preparations from the 
20(M00 ghitre sucrose gradients were treated with 5 ml/litre Nonidet P-40 (de Avila er al . ,  
1990) in 0.01 M PPBS, gently stirred for 30 min at 4"C, and centrifuged (R 50 rotor; 2 h; 
35 000 rpm). 
Antiserum production 
Purified virus (from 100 g peanut leaves, treated with Nonidet P40 suspended in 1.0 ml 
of 0.02 M potassium phosphate buffer, pH 7.0, containing 8.5 d i t r e  sodium chloride), 
emulsified with a n  equal volume of Freunds' incomplete adjuvant, was injected intra- 
muscularly into a New Zealand White inbred rabbit at weekly intervals for 6 wk. The rabbit 
was bled 10 days after the final injection and thereafter at weekly intervals. 
Bud tiecrosis oirits ort peurtitt iri lttdio 28 1 
The TSWV antisera used in this investigation were generous gifts from Dr D. Peters 
(TSWV-CNPHl), Dr Mossop (Australia isolate, TSWV-Aus). Dr G. V. Gooding Jr (Greek 
isolate, TSWV-Grk) and from the American Type Culture Collection (ATCC; TSWV- 
lettuce or type isolate). Antiserum for impatiens necrotic spot virus (INSV) was a gcnerous 
gift from AGDIA in a kit form. 
Indirect enzyme-linked immunosorbenr assay (EL ISA)  
Direkt antigen coating (DAC) and protein A coating (PAC) ELISA proccdures wcrc 
employed as described by Hobbs, Reddy, Rajeshwari 6r Reddy (1987). Protein A (Sigma 
P - 8143) prepared in 0.05 M sodium carbonate buffer, pH 9.6. was used at 1 ps/litre. 
Homologous antiserum was used at 1:2000 dilution for DAC and at 1:1000 dilution for 
PAC. All heterologous crudc antisera were employed at 1:1000 dilution for DAC and at 
1:500 dilution for PAC. lgGs from TSWV (CNI'H 1) and lNSV wcrc used at 2 mg/litre for 
DAC and PAC procedures. All antiscra were cross adsorbcd with healthy peanut (cv. 
TMV-2) leaf extracts (in antigen buffer at 50 dlitre), for 1 h at 37°C. Rabbit Fc-specific 
IgGs were conjugated to penicillinase (Hindustan Antibiotics Ltd. Pimpri. India) using the 
glutaraldehyde method described by Sudarshana 6r Reddy (1989) and employed at 1:  10 MU) 
and at 1:5000 for DAC and PAC procedures, respectively. Absorbance values were taken 
at 620 nm with a Titertek Multiscan MCC ELISA reader. 
Polyacrylamide gel elecrr~phoresis of virus proteitu 
SDS-protein gel electrophoresis of purified virus preparations was done according to the 
procedure of Laemmli (1970), as described by Reddy er ul.  (1990). Only freshly purified 
virus preparations were used. Proteins from healthy pcanut Icavcs (processed by procedures 
similar to those used for infectcd leaves) and from purified TSWV-lettuce isolate (rtccording 
to the procedure by Sreenivasulu er ul . ,  1991) were included as controls. Gels wcrc stained 
with silver nitrate as described by Reddy et a / .  (1990). Phosphorylase B, bov~ne serum 
albumin, ovalbumin, carbonic anhydrase and soybean trypsin inhibitor (Bio-rad Labora- 
tories) were used as markers. 
Electro-blot immunoassay ( E B I A )  
Polypeptides from preparations of purified virus and from healthy leaves were elec- 
trophoretically transblotted onto a nitrocellulose paper (Schleicher and Schull BA 83, 0.45 
pm pore size) with a semi-dry transfer unit (Reddy er a l . ,  1990) at 15 V for 1 h. The 
homologous antiserum was used at a 1:500 dilution. Heterologous antisera were used at 
1:250 dilution and IgG for CNPH 1 and INSV were used at 5 pdml concentration. 
Rabbit IgG-specific antibodies prepared in goat (Sigma, USA), conjugated to horseradish 
peroxidase (Sigma, USA) by the periodate oxidation method (Barbara & Clark, 1982) were 
used at a 1:500 dilution. The substrate, 3, 3',  5, 5' -tetramethyl benzidine combined with 
an enhancer, was obtained from Kirkegaard and Perry Laboratories, USA. 
Results 
In  the initial experiments, the purification procedure for TSWV reported by Tas, Boerjan 
& Peters (1977) was tried. The concentration and the purity of the virus in the final 
preparations were assessed by ELISA and SDS-protein gel electrophoresis, respectively. 
ELISA tests were performed in these initial experiments using an antiserum produced 
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Table 1; Serological relationship of bud necrosis o i r w  by direct antigeti coating ( D A C )  nttd 
protein A coating (PAC) penicillinase based ELlSA 
Dilution of peanut leaf cxtracts 
(based on original weight of leaf tissue) 
TSWV- INSV (from 
ELISA Healthy BNV Lcttucc AGDlA 
Antisera' procedure 10" 10'' 0 0 10': 0 0 10' 
BNV* DAC 0.03" 0.02 1.59 1.22 0.10 0.12 -"' - 
PAC 0.09 0.06 1.15 0.82 0.15 0.04 0.04 0.0 
~ W V - A T C C *  DAC 0.04 0.04 0.15 0.13 0.74 0.44 - - 
(Lettuce) PAC 0.14 0.15 0.13 0.13 0.33 0.18 - - 
TSWV-Netherlands' DAC 0.04 0.02 0.03 0.05 0.64 0.31 - - 
(CNPHI) PAC 0.09 0.05 0.06 0.04 0.25 0.06 - - 
TSWV-Australia" DAC 0.11 0.02 0.15 0.16 1.62 0.89 - - 
PAC 0.18 0.12 0.19 0.14 0.69 0.31 - - 
TSWV-Greece' ' DAC 0.03 0.02 0.W 0.04 0.36 0.26 - - 
PAC 0.09 0.08 0.10 0.12 0.27 0.18 - - 
INSV' PAC 0.06 0.06 0.07 0.06 0.08 0.05 0.92 0.21 
'Cross-adsorbed with healthy peanut leaf extracts. Source of each antiserum given in the text. 
"The mean A 620 nrn value for thrcc replicates, after subtracting from values for buffer controls 
***Test not done. 
'Used at 1 : 2 W  dilution for DAC and at 1 : IWX) dilution for PAC. 
'Supplied as IgG, used at 2 mgjlitre. 
"Used at 1 :  1000 dilution for DAC and at I :SO0 dilution for PAC. 
against virus prepared by the procedure described by Mohamed. Randles & Francki (1973). 
Though the serum gave high titre with healthy plant extracts, it  was possible to use it  in 
comparative tests to estimate the concentration of viral antigens. The recovery of viral 
antigen, as determined in three experiments, was 18% of that present in crude plant extracts 
as opposed to 30% by the method described in this paper. Purified virus, obtained by the 
procedure described, retained approximately 9% of infectivity of that present in crude plant 
extracts. 
In DAC- and PAC-ELISA procedures the virus from BND-infected plants reacted 
strongly with the homologous antiserum. Antisera for various TSWV isolates and for INSV 
(Law & Moyer, 1990) failed to detect the virus (Table 1). 
Fig. 1. SDS polyacrylamide slab gel showing three polypeptides from purified bud necrosis virus (BNV) 
and many polypeptides from healthy peanut leaves, processed by a procedure similar to that for infected 
peanut leaves. a. Purified BNV + polypeptide from healthy peanut leaves. b. Polypeptides from healthy 
peanut leaves, c. Purified BNV. 
Fig. 2. SDS polyacrylamide slab gel showing purified BNV, untreated and treated with Nonidct P-40 
(at 5 g/litre. stirred for 30min and pelleted at high speed). a. BNV treated with Nonidet P-40, b. Same 
as (a) but loaded at l/lOth concentra!ion to show migration rate of nucleocapsid protein, c. Molecular 
weight markers, d. BNV untreated. 
Fig. 3. SDS polyacrylamide slab gel showing polypeptides of tomato spotted wilt virus (TSWV) and 
BNV. a. BNV. b. BNV + TSWV. c. TSWV. 
Fig. 4. Electroimrnunoblot of BNV andTSWV proteins after probing with homologousand heterologous 
antisera: a) BNV polypeptides probed with homologous antiserum, 6 )  BNV polypeptides probed with 
TSWV (ATCC) antiserum, c) BNV polypeptides probed with INSV antiserum, d) BNV polypeptides 
probed with TSWV (CNPHI) antiserum, c) Polypeptides from healthy peanut leaves probed with BNV 
antiserum, f )  TSWV polypeptides probed with TSWV (ATCC) antiserum, g) TSWV polypeptides 
probed with TSWV (CNPHI) antiserum, h )  TSWV polypeptides probed with BNV antiserum. 
The  virus contained three structural proteins of molecular weight 78 kDa (G 1 ) .  54 kDa 
(G?) and 31 kDa (N)  (Figs 1 and 2).  Minor polypeptides obscrvcd in some preparations 
could be removed by treatment with Nonidet P-40 (Fig. 2 ) .  GI  and ( 32  polypeptides of 
TSWV-lettucc isoliltc from peanut cornigrotcd wit11 those of thc \,irus. I)iffcrc~iccs in [he 
irpparcnt niolccular weight of t l ~ c  N protein:, bct\rccn [hc v i r u h  c;luslng B N U  ; I I I ~ I  'I'SWV- 
lettuce could be resolved (Fig. 3).  
Fig. 1 Fig. 2 Fig 3 
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Although antibodies to the virus were produced from preparations containing all the 
three polypeptides (Fig. 2) in EBIA, the 78 kDa (Gl )  could not be detected (Fig. 4). Either 
the serum did not contain antibodies to G1 or those produced did not react with the 
denatured polypeptide. The serum did not react with any of the polypeptides of TSWV- 
lettuce isolate from peanut. In reciprocal tests all the three proteins of TSWV-lettuce from 
peanut were detected by the TSWV antiserum from ATCC and a serum from the Nether- 
lands produced for nucleocapsids (CNPH 1) reacted only with the N protein (Fig. 4) .  
TSWV-Aus and TSWV-Grk antisera did not react with any of our virus polypeptides 
although they reacted with all the three polypeptides of TSWV-lettuce (data not shown). 
Also, INSV (tested only with our isolate) failed to react with all the polypeptides of our 
virus (Fig. 4). 
Discussion 
The purification procedure developed for the virus that causes BND was also used to 
purify TSWV (Sreenivasulu er al., 1991) from peanut. Treatment with Nonidet P-40 was 
essential to obtain preparations devoid of minor polypeptides. presumably of host origin, 
whose presence and concentration varied from sample to sample. 
Several reports havc recently been published on the serological relationships of TSWV 
as determined by utilising polyclonal and monoclonal antibodies. 'TSWV-lettuce (or type) 
isolate and INSV were placed under serogroups I and 11, respectively. Various forms of 
ELlSA tests have been employed to distinguish isolates within serogroups (de Avila ct a l . .  
1990; Wang & Gonsalves, 1990). de Avile et nl. (1990) havc investigated 20 isolates, which 
could be classified in serogroup 1, but two types could be distinguished within this scrogroup 
on the basis of reaction with the N protein. lNSV (Law. Speck & Moycr, 1991) which wiis 
initially referred to as TSWV-Impatiens (Law & Moyer, 1990) had N protein which was 
serologically unrelated to that of TSWV-lettuce. However, the molecular weight of the N 
protein of lNSV was identical to that of the N protein of TSWV. G1 and G2 proteins of 
INSV and TSWV were serologically related and had similar molecular weights. 
Results clearly show that the tospovirus which causes BND in India is serologically distinct 
from TSWV and INSV. In this study two different forms of ELlSA produced very similar 
results. In EBIA, all three polypeptides of the virus did not react with several antisera to 
TSWV and with one antiserum to INSV. Interestingly, the virus contained 31 kDa N 
protein, similar to a tospovirus occurring in Japan on watermelon (Kameya-lwaki, Hanada, 
Honda & Tochihara, 1988) and peanut yellow spot virus (PYSV) occurring in India an? 
Thailand (Reddy et of. ,  1990). In reciprocal tests PYSV and the virus causing BND were 
serologically unrelated. Additionally both the viruses differed in host range (Reddy et ul., 
1990). 
Tospoviruses, to which TSWV belongs, are considered to be similar to animal viruses in 
the Bunyaviridae group (Milne & Francki, 1984; de Haan, Wagemakers, Goldbach & 
Peters, 1989). Serological relationships among the structural proteins have been used for 
classifying individual members within the genera of Bunyaviridae. It is apparent from the 
data obtained so far that members of tospoviruses could be distinguished on the basis of 
serological differences in N protein, indicating that the N protein is not conserved in the 
different serogroups. We propose that the virus causing BND should be called bud necrosis 
virus (BNV), and that it be placed in a different serogroup, preferably serogroup 111. None 
of the isolates of TSWV and INSV investigated so far has been derived from Asia. BNV 
antiserum reacted, in electro-immuno blots, with the tospovirus isolated from watermelon 
in Japan, which causes silver mottle disease (G. Adam, personal communication) and 
Bud t~ecrosis virits or1 perirltt~ 111 Itltlicr 2SS 
antiserum for the  tospovirus from watermelon also reacted with BNV in both D A C  
and PAC-ELISA tests ( D .  V.  R .  Reddy, unpublished). Therefore the tospovirus from 
watermelon is serologically related to  BNV. Additionally, BNV and the tospovirus from 
watcrmclon could be transmittcd I>y T h r i p . ~  pc~ltni (M. K;rmcya-lwi~ki. pcr~>11;11 com- 
munication; K. Vijayalakshmi, D .  V.  R .  Rrddy,  A .  S. Reddy, G. V. Ril~lga Rao, J .  A. 
Wightman and D .  D. R.  Reddy, unpublished). Interestingly, the TSWV-lettuce isolate 
could not be transmitted by T. paltrli (Mau er a l . ,  1990). From D A C  and PAC-ELISA tests 
on 15 BNV isolates occurring on peanut in different parts of India, it was apparent that all 
the isolates reacted with BNV antiserum and none reacted with TSWV-lettuce or  INSV 
anrisera. Antiserum for BNV also reacted with various isolates of a tospovirus collected in 
China (D. V. R .  Reddy & Xu Zeyong, unpublished). Nevertheless additional data arc 
required to determine i f  the viruses in serogroup 111 are wholly or predominantly Asian. 
We also propose that PYSV should be included in serogroup IV.  Though the thrips vectors 
of serogroups I and I1 appear to be similar, serogroups I l l  and IV are transmitted by 
different thrips vectors. Experiments on transmission of different serogroups by different 
thrips species may provide additional data to  distinguish different serogroups. 
TSWV occurs on peanut throughout the world (Reddy et a l . ,  1991), but serological 
relationships of various TSWV isolates have only recently been investigated. Serological 
diversity among the tospoviruses occurring in peanut has recently been reported. An isolate 
from South Africa, though regarded as a distinct scrotype, reacted with antisera to TSWV- 
lettuce under serogroup I (de Avila er a l . ,  1990; Adam, Lesemann & Vetten, 1991). None 
of the isolates collected'in the USA reacted with BNV which was referred to as TSWV- 
Indian (Sreenivasulu st a l . ,  1991). It is currently not known i f  INSV can infect pcanut under 
field conditions. Probably at least three serogroups occur in peanut and therefore surveys 
for tospoviruscs in peanut should include tests with several antisera. 
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